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THESIS STATEMENT & SUMMARY

Nature and natural spaces have an inherent logic to them. Related to this logic is the inherent and
characteristic ability of nature to create a sense of belonging.
The purpose of this thesis is to explore the inherent logic found in nature in order to better
understand the process of space-making, and to co-opt these natural principles in order to create
a design intervention that mimics the natural experience.
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1.1 | RESEARCH
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Research Foundations

“The Geometry of Art & Life” - Matila Ghyka, 1977
Some images and concepts have been selected from Ghyka’s work owing to their impact on
the development of this project. Of particular significance is the concept of Gnomonic Growth
as defined by Ghyka.
The Golden Section

Visual Applications
The Golden Ratio can be applied to a circle
and square to create a pentagon, which is a
shape commonly found in nature.

The Golden Section is a simple
mathematical ratio expressed by the
quadratic equation X2 = X + 1. The
positive solution to this equation is
approximated as 1.618.
The multiplicative inverse of 1.618 is equal
to 1.618 - 1 or 0.618. Ghyka states that
“this property of being at the same time
being both additive and geometrical [...] is
one of the reasons for its role in the growth
of living organisms” (Page 8).

The pentagon is not geometrically pure,
meaning it cannot be rationally partitioned in
space without leaving gaps.
Fig.1: a graphical expression of the
proportions of the Golden Section.

The Fibonacci Sequence

Fig.3: A demonstration of the harmonic
relationship between geometric
construcctions and the Golden Ratio/
Fibonacci sequence.

Geometries in Nature

The Fibonacci Sequence is an additive
series in which any number in the series
is equal to the sum of the previous
two numbers. The ratio between any
two consecutive numbers increasingly
approximates 1.618 as the series
progresses.
This progressive relationship is referred
to as “gnomonic growth”, which, in
Ghyka’s words, is a system “in which the
growing surface or volume [related to the
numbers] remains homothetic, similar to
itself” (Page 13).

Pentagonal growth is commonly found in
nature, but only in living, organic materials.
Minerals and other inorganic compounds
exhibit different patterns of geometric growth
that are not as strongly related to the Golden
Ratio (Page 13, 24-30).

Gnomonic growth, or growth by
accumulation of similar elements to create
a shape familiar to the original, is, as noted,
found in living organisms both inside and
outside.

Fig.2: The Fibonacci Sequence parallels
the Golden Ratio in the relationships
between the numbers in the sequence.
These numbers, when plotted graphically,
create patterns commonly found in
nature.

Crystal growth is achieved through a very
efficient and rational process known as
agglutination, by which “simple addition
from outside of identical elements, each
particle getting at the place most easily
reached” (page 90).
Fig.4: The proportions of the human body
correspond to 1.618 on various levels.

10

Research Foundations

“The Geometry of Art & Life” - Matila Ghyka, 1977

Studies in Proportion: Harmonic Tower

Architectural Implications + Applications

The Golden Ratio has governed architectural
proportions for centuries, from the Greeks to
Corbusier to the unconscious and inherent
proportions found in every work of design since
the beginning of time.

Fig.5

But, perhaps the applications of harmonic and
gnomonic growth found in nature can be applied
to architecture in a different way by allowing the
built environment to grow from the outside-in in
response to ever-changing demands.

Fig.6

A Harmonic Tower model was constructed based on principles
found in Ghyka’s book. The Fibonacci Sequence governs the size
and arrangement of the component elements in 3 dimensions.
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“Geometry of Design” - Kimberly Elam, 2001

Research Foundations

Several illustrations from Elam are included because they helped to inform & define the
diagrammatic criteria used throughout this project.
Geometries in Nature

Fig.7: The arrangement of segments in a pinecone is ordered by a set of 8 clockwise spirals intersecting 13
counterclockwise spirals. The proportional relationship beteween these spirals closely follows the Golden Ratio.

The proportions of the Golden Ratio are also displayed to different degrees in the bodies of both a seatrout (above;
Fig.8) and a brook trout (below; own work).
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Research Foundations

“Geometry of Design” - Kimberly Elam, 2001

Geometries in Furniture Design

Fig.9: Brno Chair by Mies

Fig.10: Barcelona Chair by Mies

Fig.11: Pedestal Chair by Saarinen

Guitar Chair, own work

Fig.12: Barcelona Chair by Mies

Fig.13: Plywood Chair by Eames
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Research Foundations

“Bio-Structural Analogues in Architecture” - Joseph Lim, 2011
Selected images from Lim are included because the rigor with which the investigations were conducted
and constructed in the source material helped to establish a tectonic narrative for this project.
Bio-Structural Analogue: Plant

Bio-Structural Analogue: Animal

Fig.14: Madagascar Palm, Pachypodium lamerei

Fig.20: Frog, Rana temporaria

The Madagascar palm was
chosen as an analogue for
structural analysis due to its
impressive ability to support
a large canopy on a slender
trunk.

This project, much like the
tortoise, was inspired by the
analogous animal’s behavior.
The construction “leaps”
forward to expose a deck and
canopy. It is noted that the
movement of the construction
was first attempted through
a bent wire armature, but
ultimately realized through a
hinge and anchor system.

The tectonic construction uses
wood and bamboo strips that
are connected via mortise
and tenon joints and woven
together. The woven bamboo
proved to be the most effective
at supporting vertical loads.
Project by Eva Leung & Vivian
Ho

Fig.15

Fig.16

Project by Desmond Siah

Fig.21

Fig.22

Applied Analysis: American Toad (Anaxyrus americanus)
Bio-Structural Analogue: Animal

Fig.17: Tortoise, Order testudines
This construction was not
inspired by the skeletal or
muscular system of a tortoise,
but rather by its defensive
behavior.
The composition is ordered
by a “mother frame” which
houses various elements which
unfold and recoil in various
configurations.

Project by Sian Chong Ping

Fig.18

Fig.19
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1.2 | INVESTIGATION
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Component Investigations

Gnomonic Growth & Definitions of Space

GNOMONIC TOWER | STUDY 01
AN EXPLORATION IN VERTICALITY
REVEALED THAT A SELF-SUPPORTING
CONSTRUCTION COULD BE
REALIZED THROUGH THE
DEVELOPMENT OF A COMPONENT
PATTERN DERIVED FROM THE
ARRANGEMENT OF THE BASE
MODULE.

ISOMETRIC

PLAN

BASE MODULE

ELEVATION

SECTION 01

SECTION 02
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Component Investigations

Gnomonic Growth & Definitions of Space

GNOMONIC VILLA | STUDY 02
A HORIZONTAL EXPRESSION
COMPOSED OF CANTILEVERED
MODULE PLATES REVEALS
ADDITIONAL SPATIAL POSSIBILITIES.
A SINGLE POINT-TO-POINT
CONNECTION ENABLES THE
CONSTRUCTION TO ROTATE.

NORTH

ISOMETRIC

EAST

WEST

PLAN

SOUTH

HORIZONTAL SECTION
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Component Investigations

Gnomonic Growth & Definitions of Space

GNOMONIC CAPSULATION | STUDY 03
BY PRIORITIZING REGULARITY AND
PROPORTION, A SERIES OF SMALL,
ENCAPSULATED SPACES WERE
CREATED.
THE CONSTRUCTION EXHIBITS
SYMMETRY AND HARMONIC
PROPORTIONS.

N/S ELEVATION

ISOMETRIC

E/W ELEVATION

SECTION 01

PLAN

SECTION 02
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Component Investigations

Gnomonic Growth & Definitions of Space

GNOMONIC ENCLOSURES |
FIGURE GROUND STUDY
Each formal arrangement of Harmonic
Rectangles was analyzed through
figure-ground studies in order to
determine and understand the
space-making capabilities of each
composition.

STUDY 01

STUDY 02

STUDY 02
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Gnomonic Growth & Definitions of Space

Component Investigations

MODULE VARIATION: Circles

Using circular modules proved
less successful at creating
rational, structurally-sound
constructions. However, the
space-making capabilities of
the module are intriguing,
despite their lack of flexibility
and diversity.
The radial nature of the circles
and the uniformity of their
connection points do not allow
for great variety in types of
assembly.
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Gnomonic Growth & Definitions of Space

Component Investigations

MODULE VARIATION: Triangles

Triangular modules
were more stable than
the circular variation,
but still lacked the
inherent logic present
in the rectangular
constructions.
The type and variety of
spaces produced by the
triangular assembly were
dynamic and striking, but
difficult to quantify.
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2.1 | EXPLORATION
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Component Taxonomies

A Method for Creating Geometry

With the goal of utilizing a chosen
geometry to create form and space, the
next step in the process was to design a
means of obtaining that shape.
Three prototype drawing machines were
fabricated - each with their own inherent
logic.
The first machine could draw arcs, but
was limited by the length of its arms and
the position of the rotating pins. The
second machine could draw lines along
two axes, but struggled to produce
curves. The third machine, a simple
spirograph, could generate beautiful
patterns in nearly endless configurations
thanks to its various gear ratios and pen
insertion points.

Drawing Machine 01: Radial Arm Compass

Drawing Machine 02: Axial Line Plotter

Drawing Machine 03: Spirograph
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PARTIAL HYPOTROCHOID IN 3D
[Spirograph]

EXPERIMENT 03:
RECURSIVE COMPONENTS
[Mobius Strip]

EXPERIMENT 02:
PIVOTING PARTITIONS
[Golden Arc]

EXPERIMENT 01:

From Drawing to Modeling
Component Taxonomies

SPATIAL VIEW
TOP VIEW
SIDE VIEW
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SELF-INTERSECTING
HYPOTROCHOID IN 3D
[Spirograph]

EXPERIMENT 06:
LINEO-STRUCTURAL ARTICULATION
[Spirograph]

EXPERIMENT 05:
SOLID FROM LOFTED LINES
[Spirograph]

EXPERIMENT 04:

From Drawing to Modeling
Component Taxonomies

SPATIAL VIEW
TOP VIEW
SIDE VIEW
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2.2 | APPLICATION
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From Models to Space-Makers

Scalar Investigations

The models created earlier in the
semester were studied at various scales
through sketch and section in order
to determine if and how they created
space at different scales.
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From Models to Space-Makers

Scalar Investigations
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Structural Investigations

Construction Methods

A series of structural investigations were
conducted in order to determine the best method
for constructing the curved forms studied in
section/sketch.
Traditional mitered 2x4 construction, lumber
stock removal, glulam and rammed earth were
all considered, and the properties of each
method were noted.
The stock removal method was eliminated
because it was deemed too wasteful - especially
considering that the same forms could be
created out of glulam with far less offcut pieces.

Mitered 2x4 Studs
- Angles instead of true curves
- Fairly stable

2x Lumber - Stock Removal
- True curves
- Stable with bracing
- Creates a lot of waste

Glued Laminated Timber
- True curves
- Structurally stable
- Efficient use of material

Rammed Earth
- Curves are problematic due to
shear force
- Requires formwork & cement

Rammed earth was also deemed unsuitable
due to potential problems with double curved
geometries, and because it would require
excessive amounts of formwork and portland
cement.
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2.3 | ITERATION
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Iteration | Interpretation

Prototype Exploration: Pavilion in Nature
Drawing inspiration from spatial
studies conducted at various
scales, the Prototype Pavilion
expresses
the
fundamental
foundational concepts of Nature,
Growth & Design to frame an
experience in the wild.
The pavilion is integrated to its site
in nature through the incorporation
of a rammed earth seat wall which
supports the wooden members
and ties the form into the ground
on which it sits. The organic design
of the construction responds to site
elements and frames the natural
experience.

CUSTOM HANGER
PLATES ALLOW
MEMBERS TO
CONNECT
STANDARD 2X4 STUDS
MITERED TO CREATE
CURVED FORM

Opt. 1: 2x4 Double-Curved Detail

The undulating wooden bones
of the structure provide the
framework for definitions of space
while reflecting geometric patterns
found in the natural world.
The semi-transparent fabric skin
allows air to breathe and light to
illuminate the interior.
The construction serves as another
illuminating design exploration
which pushes the project toward
its goal of realizing the principles
found in natural order and coopting them as a tool for the built
environment.

STAGGERED SUPPORT
MEMBERS ALLOW
BOLTED CONNECTIONS
GLULAM RIBS ALLOW
TRUE CURVED FORMS
WITHOUT MITERING

Opt. 2: Glulam Double-Curved Detail
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Iteration | Interpretation

Prototype Exploration: Pavilion in Nature

A

A

SECTION A
B

PLAN

B

SECTION B
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Prototype Exploration: Pavilion in Nature

Iteration | Interpretation
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2.4 | FABRICATION
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Prototype Exploration: Pavilion in Nature

Installation | Fabrication

The process of fabricating
a section of the doublecurved pavilion wall proved
challenging and rewarding.
A full-scale template was
plotted on paper and used
to create a reusable plywood
formwork.
Standard 2x6 studs were
purchased from the hardware
store and resawn to a thickness
of 1/8”. The strips were glued
together and clamped to the
formwork until the glue was
dry.
The curvature of the glulam
member is made possible
by the flexibility of each strip,
and the glue prevents each
strip from delaminating and
reverting to its original shape.
The glulam members were
sanded and trimmed to finished
dimensions and assembled
into a wall component.
A decision was made to clad
one side of the component
in cedar shingles in order to
explore different possibilities
for creating a “skin”.
The
fabrication
process
demonstrates the viability of
the design and showcases the
extraordinary possibilities of
glulam.
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Prototype Exploration: Pavilion in Nature

Installation | Fabrication
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2.5 | REALIZATION
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Prototype Exploration: Gnomonic Pavilion

Installation| Interpretation

The Gnomonic Pavilion builds
upon the previous design
iteration by incorporating
elements
of
Gnomonic
growth to elevate the design
installation.
Variations
of
the
inital
organically-derived module are
arrayed end-to-end to create
a processional experience
through nature. The pavilion
snakes through a forest and
responds to site elements in
order to create a site context.
The bones of the structure
are made of double-curved
glulam members which are
cross-braced at 4-foot intervals
and shaped according to
Gnomonic proportions. The
exterior of the shell is sheathed
in lath strips which act as a
substrate to mount the cedar
cladding.
A design|fabrication exercise
demonstrates the viability of
the assembly at full scale while
providing a tactile artifact to
further the project narrative.
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Installation| Interpretation

Prototype Exploration: Gnomonic Pavilion

SITE PLAN
1/16” = 1’-0”

FLOOR PLAN
1/8” = 1’-0”
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Prototype Exploration: Gnomonic Pavilion

Installation| Interpretation

SECTION A
1/8” = 1’-0”
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Prototype Exploration: Gnomonic Pavilion

Installation| Interpretation

SIDE ELEVATION
1/8” = 1’-0”

FRONT ELEVATION
1/8” = 1’-0”
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Prototype Exploration: Gnomonic Pavilion

Installation| Interpretation
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Prototype Exploration: Gnomonic Pavilion

Installation| Interpretation
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